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Relationship of substantia nigra echogenicity and motor function in elderly subjects
Daniela Berg, MD; Christiane Siefker; Petra Ruprecht-Dörfler, MD; and Georg Becker, MD Article abstract-Background: Patients with Parkinson's disease (PD) exhibit an increased echogenicity of the substantia nigra (SN) on transcranial sonography. Some healthy adults with the same echo characteristics showed a reduced 18 fluorodopa uptake on PET, indicating a subclinical alteration of the nigrostriatal system. Objectives: To determine whether the sonographic phenotype of hyperechogenic SN has any relevance for motor function in elderly subjects and whether an increased echogenicity of the SN is associated with an impaired motor function. Method: In a populationbased, cross-sectional study, 93 subjects older then 60 years without history of extrapyramidal disorder underwent sonographic and neurologic examinations, with a quantitative motor assessment. Results: Elderly healthy subjects without prediagnosed extrapyramidal disorder but with SN hyperechogenicity had more frequent and more severe parkinsonian symptoms and a slower finger tapping than those with a regular echogenicity of the SN (p Ͻ 0.05, U test). Conclusion: With increasing age, subjects with SN hyperechogenicity develop a more substantial slowing of movements than subjects without this echo pattern, stressing the functional relevance of this sonographic finding. The authors speculate that hyperechogenicity of the SN may be detected by transcranial sonography early in life and may serve as a risk marker for nigral injury, although only a minority of these subjects will develop the full clinical picture of PD. NEUROLOGY 2001; 56:13-17 The majority of patients with Parkinson's disease (PD) exhibit an increased echogenicity of the substantia nigra (SN) on transcranial sonography (TCS). 1 The mechanisms resulting in an increased echogenicity of the SN are still unclear. The same echo pattern of the SN has been identified in approximately 9% of healthy adults, with only a slight increase of the prevalence rate with age. 2 Recent 18 fluorodopa ([ 18 F]-dopa) PET studies disclosed a marked decrease in the accumulation of [ 18 F]-dopa in the striatum in some healthy subjects, with this increased SN echogenicity indicating a functional impairment of the nigrostriatal system. 2 According to these findings, we speculate that ultrasound may identify an important susceptibility marker for PD, and that the mechanisms causing this increase in SN echogenicity make nigral neurons more vulnerable to other noxious factors such as endo-or exotoxines. 3, 4 This study was designed to test the hypothesis that the subclinical alteration of nigral neurons detected by TCS might become symptomatic during life, and whether subjects with SN hyperechogenicity tend to develop clinical symptoms of the nigrostriatal system and, eventually, PD. The prevalence rate of PD is far below the rate of SN hyperechogenicity. 5 Therefore, at most, 5% of subjects with SN hyperechogenicity will develop typical PD. Nevertheless, one may ask whether subjects with SN hyperechogenicity more often exhibit motor slowing and stiffness with increasing age compared with subjects without this ultrasound finding. These subjects might acquire typical PD if they live long enough. Hence, we sought to reveal the functional relevance of increased echogenicity of the SN and to determine whether subjects older than 60 years show a relationship between motor function and echo pattern of the SN, and whether individuals with SN hyperechogenicity more often exhibit clinical symptoms attributable to nigrostriatal system alteration.
Subjects and methods. We performed a cross-sectional, population-based study that included 93 individuals from senior citizens' homes and church groups for active elderly people of the city of Würzburg, Germany. All individuals gave informed consent according to the Declaration of Helsinki. Inclusion criteria were as follows: age above 60 years; no prediagnosed extrapyramidal disorders, especially no PD; and no medical disorder severely affecting the motility of the subject. All subjects underwent a thorough neurologic examination and comprehensive motor and neuropsychological testing. Neurologic examination included the Columbia University Rating Scale (CURS) 6 and the motor examination part (part III) of the Unified PD Rating Scale (UPDRS). 7 Individuals exhibiting only one of the cardinal symptoms of PD (bradykinesia, tremor, rigor) with minor expression were classified to exhibit subtle signs of nigrostriatal dysfunction. The diagnosis of PD was established in accordance with the UK PD brain bank criteria. 8 To quantify motor function, a pegboard examination and a series of finger-and foot-tapping tests were administered. 2, 9, 10 Each subject was asked to tap a clip and a pedal as fast as possible with the first two fingers of each hand and both feet separately twice for 16 seconds. Results were recorded by computer, and a median value for each hand and foot was calculated. For the pegboard examination, small metal sticks had to be set into little holes on a board twice with each hand separately for 30 seconds. A median value of correctly set sticks for each hand was calculated.
Neuropsychological assessment was performed using the Mini-Mental State Examination (MMSE) 11 and the H/T-Word Test. 12, 13 The H/T-Word Test is a neuropsychological assessment for executive functions in which subjects are asked to produce as many different words as possible within 2 minutes beginning alternately with the letters "H" and "T." This test is known to be abnormal in early stages of PD . 2, 14 The subjects' medical and social history was carefully taken, including the assessment of epidemiologic data such as area of birth, residential background, work, exposure to toxic agents (particularly herbicides, pesticides, and mercurycontaining solutions), use of alcohol or smoking, as well as family and medical history. Some of these factors are known to be associated with the development of PD . 4, 5 For TCS examination, a color-coded, phased array ultrasound system equipped with a 2.5 MHz transducer was used (Elegra, Siemens, Erlangen, Germany). The examination was performed through a preauricular acoustic bone window with a penetration depth of 16 cm and a dynamic range of 45 dB. The SN was identified within the butterflyshaped structure of the mesencephalic brainstem as clearly as possible, scanning from both temporal bone windows, and quantified by encircling and measuring the area of hyperechogenic signals in the SN region as previously described. 2 30 subjects were reassessed by a second ultrasound physician, who was blinded to the results of the first physician, to determine the reproducibility of the measurement. The widths of the third ventricle and the frontal horns of the lateral ventricles were measured on a standardized diencephalic scanning plane. 15 All examinations were performed on the same day by independent investigators blinded to the results of all other examinations. Only the assessment of epidemiologic data and the neurologic investigation was done by the same investigator.
Statistics. Descriptive statistics are given as median with lower (25th percentile) and upper (75th percentile) quartile. Correlation analysis was performed by Spearman rank correlation. Intergroup comparison was performed by the Mann-Whitney U test.
Results. TCS examination was performed in 79 of the 93 subjects; 14 subjects had no appropriate temporal acoustic bone windows and were therefore excluded from further analysis. In the remaining 79 subjects (67 women, 12 men, median age 77 [70 to 83] years) the mesencephalic brainstem was adequately displayed by TCS, allowing measurements of the area of hyperechogenic signals at the SN. Median area of SN echogenicity was 0.14 cm 2 (0.11 to 0.19 cm 2 ) for the right and 0.15 cm 2 (0.11 to 0.20 cm 2 ) for the left side (table) . Eleven subjects (13.9%) had a distinctly hyperechogenic SN, with an echogenic signal exceeding 0.25 cm 2 on one or both sides. The cut off of 0.25 cm 2 was used in our recent studies because it corresponded to the 90th percentile of hyperechogenic signal extent at the SN in the healthy population. 2 In this group of elderly subjects, we found no correlation between signal extension at the SN and age (r ϭ 0.17, p Ͼ 0.05; Spearman rank correlation) nor was there a dependence on gender (p Ͼ 0.05, U test). Sonographic measurements of signal extension proved adequately reproducible considering the smallness of the structure measured (1st examination: 0.15 [11, 18] cm 2 , 2nd examination: 0.15 [12, 18] cm 2 ; r ϭ 0.49, p Ͻ 0.01; Spearman rank correlation).
Neurologic examination revealed a mild to moderate increase of muscle tone predominating on one side of the body in 26 subjects, tremor at rest in four subjects, and action tremor in five subjects. Significant bradykinesia with lateralization to the right side was noticed in five patients and to the left side in seven patients. Eight subjects showed a reduced swinging of one arm during walking. Twelve subjects were unable to get up out of a chair without upper extremity support. The median frequencies for finger tapping differed for the right hand (110 [93;123]/ 32 s) and the left hand (100 [89;110]/32 s). Frequencies for foot tapping were 103 (92;116)/32 seconds for the right foot and 100 (87;115)/32 seconds for the left foot. The decline in tapping frequency with age was significant (r ϭ 0.22, p Ͻ 0.05; Spearman rank correlation). The average CURS and UPDRS-III scores were 2 (0;4) and 1 (0;4). In eight subjects, CURS and UPDRS-III scores were above 10. Two individuals fulfilled the diagnostic criteria of for PD, considering the UK PD brain bank criteria. 8 Cognitive function was found to be impaired in 14 subjects with MMSE scores of 25 or lower. The median MMSE score was 27.5 (26;29); H/T scores were 8 (6;11) after the first minute and 4 (3;7) after the second minute. We identified a negative correlation of age and MMSE or H/T scores ( p Ͻ 0.02; Spearman rank correlation), but no correlation of age and CURS or UPDRS scores (p Ͼ 0.05; Spearman rank correlation).
Thirty-three subjects had been living in rural environments, 46 mainly in urban environments. Three patients reported a positive family history of PD and six reported a history of essential tremor. Seven patients had been exposed to environmental toxins, and one had been on neuroleptic drugs. In this small group, no association between these epidemiologic factors and the assessments of motor function could be identified (p Ͼ 0.05, U test).
The comparison of ultrasound findings with motor assessment documented a correlation of hyperechogenic areas at the SN on both sides and the CURS or UPDRS scores (r ϭ 0.47, p Ͻ 0.001 and r ϭ 0.45, p Ͻ 0.001; Spearman rank correlation). Those with an extension of hyperechogenic signal beyond the 75th percentile (Ͼ0.20 cm 2 ) showed higher CURS and UPDRS scores (p Ͻ 0.01; U test; figure 1 ). In parallel, subjects with CURS scores above 10 had larger echogenic areas at the SN than those with lower CURS scores (p Ͻ 0.01; U test). In addition, we found a negative correlation of hyperechogenic signal extension and frequency of the finger tapping of the contralateral hand (r ϭ Ϫ0.19, p ϭ 0.02; Spearman rank correlation). Finger tapping in individuals with SN echogenicity Յ0.2 cm 2 compared to those with an area of SN echogenicity Ͼ0.2 cm 2 differed also (p ϭ 0.04; U test; figure 2). Differences remained when controlling for the age of the subjects ( p ϭ 0.02; analysis of variance). Foot tapping or pegboard examinations did not correlate with measurements of SN echogenicity, nor did MMSE or H/T Word Test (p Ͼ 0.05; Spearman rank correlation). Subjects with a positive family history for PD had on average more extended Figure 1 . Elderly subjects with more extended hyperechogenic areas at the substantia nigra (SN) showed more severe motor deficits as determined by the Columbia University Rating Scale (CURS). Difference in CURS was significant (p Ͻ 0.001; U test). hyperechogenic signals at the SN (0.2 [0.12;0.28] cm 2 ) than those with a negative history (0.15 [0.11;0.19] cm 2 ). However, differences were not significant. There was no difference in SN echogenicity when patients with positive and negative family history of essential tremor were compared.
The ventricular width was negatively correlated to the cognitive function of the subjects: the larger the third ventricle, the lower the scores of the MMSE and H/T-Word Test (r ϭ Ϫ0.42, p Ͻ 0.001 and r ϭ Ϫ0.41, p Ͻ 0.001; Spearman rank correlation).
Discussion. This study shows an association between area of SN hyperechogenicity detected by TCS and signs of extrapyramidal deficits, ranging from subtle signs of nigrostriatal dysfunction to symptoms that fulfilled the diagnostic criteria for PD, in subjects without prediagnosed extrapyramidal disorders. Subjects older than 60 years with more extended hyperechogenic signals at the SN showed, on average, more severe motor slowing and more frequent features typical for PD such as rigor, tremor, or bradykinesia. In the affected subjects, these symptoms had been attributed to normal aging, a misjudgment that is common and results in a significant underestimation of patients suffering from nigrostriatal dysfunction. Results of this study complement previous findings reporting on an injury of the nigrostriatal system in younger individuals with a hyperechogenicity of the SN. 2 Younger subjects (median age 30 [27;38] years) with a distinctly hyperechogenic SN exhibited a significant decrease of [ 18 F]-dopa uptake at the striatum on PET scans, indicating a functional alteration of the nigrostriatal system. Motor examination in these younger subjects was normal, indicating that nigrostriatal injury was subclinical and compensated at this age. Findings of this study, however, document that this may not hold true for elderly individuals as a significant number of subjects with SN hyperechogenicity turn out to be "symptomatic" and show more often and more severe motor retardation or parkinsonian symptoms compared to those lacking this echogenicity pattern.
A previous study revealed that the prevalence rate of subjects displaying hyperechogenicity of the SN increases only slightly with increasing age indicating that this sonographic marker of nigral vulnerability may develop early in life and may remain almost unchanged during life time. 2 If this is true, one may speculate that the elderly subjects of our study with SN hyperechogenicity and motor slowing might have had a hyperechogenic SN early in their life, which could have been detected with ultrasound. In support of this hypothesis, follow-up examinations in patients with PD and healthy controls during the last 6 years demonstrated an almost unchanged extension of hyperechogenic signals at the SN. However, prospective longitudinal studies are needed to further validate this hypothesis and to determine whether ultrasound may disclose an important susceptibility marker for nigral injury before the outbreak of neurologic deficits.
The reason for the increased echogenicity of the SN remains unknown. According to recent data from animal experiments 16 and preliminary postmortem examinations, we speculate that increased echogenicity of the SN reflects a higher tissue iron content. Iron is known to facilitate the generation of superoxide and hydroxyl radicals; this results in oxidative stress, which may end up in irreversible cell injury and death of the cell. [17] [18] [19] [20] Increased echogenicity of the SN is likely to be but one risk factor for nigral injury because not all elderly subjects with SN hyperechogenicity showed signs of motor retardation, and only a minority developed overt PD. Other factors may be necessary to increase cell injury at the SN-notably, environmental factors such as exotoxins. Although we did not detect an association of the development of parkinsonian signs and epidemiologic data assessed in our study, such influences cannot be ruled out, as our study population was rather small. Only a small number of individuals affected by exotoxins and only a few factors known to be associated with PD were assessed.
